Objective Prediction of the prognosis of comatose survivors after cardiopulmonary arrest (CPA) 
Introduction

Anoxic-ischemic encephalopathy following cardiopulmonary resuscitation (CPR), so-called Post-Resuscitation Encephalopathy (PRE), is a relatively frequent dramatic condition. PRE is introduced as a term to describe the comatose state after CPR (1). It is believed that the possibility of awakening with good neurological prognosis significantly decreases in the patients who are still in the comatose state after 3 days following CPR (2). These patients often remain in long-standing vegetative or minimally conscious state. The economical and moral effects originating from the longterm care of these severely disabled patients are of vital importance. Determination of the patients with PRE who have no chance of good prognosis is a critical point. Accurate knowledge of the prognosis is definitely useful for determining the level of care. For prediction of outcome in PRE patients, several clinical and laboratory findings have been re-ported to be useful (3). First, the circumstances surrounding CPR such as anoxia time (duration from collapse to initiation of CPR, the critical cut-off is 5 minutes), arrest place (out of hospital or in hospital), duration of CPR (time between the initiation of CPR and reestablishment of spontaneous systemic circulation, the critical cut-off is
. These studies suggested that comatose CPR survivors with diffuse cortical signal changes on these examinations have an invariably poor prognosis (Fig. 1) . On the other hand, some studies did not support this argument (8, 14) . Accordingly, a recent practice parameter concluded that there was insufficient evidence to precisely delineate lesions on MR study or CT that would conclusively predict poor outcome, and suggested further studies (15 (19, 20) 
Patients and Methods
Twenty
r i g h t i n DWI ( d i f f u s i o n -we i g h t e d i ma g i n g ) ( u p p e r r o w) , d a r k i n ADC ( a p p a r e n t c o e f f i c i e n t ma p p i n g ) ( mi d d l e r o w) a n d h y p e r i n t e n s e i n F L AI R ( f l u i d a t t e n u a t e d i n v e r s i o n r e c o v e r y ) s eq u e n c e s ( b o t t o m r o w) . nary followed by cardiac arrest) and duration of CPR (as shorter or longer than 20-minutes). Resuscitation variables were selected in accordance with recommended guidelines (16
. We further dichotomized CPC scores 4 and 5 as "poor prognosis" and CPC scores 1, 2 and 3 as" better (than vegetative) survival" (21). Time and main cause(s) of death were also noted for the patients who died. The prognostic evaluation was performed by a neurologist (GB) who was blind to the MR imaging results. The Institutional Review Board of Hacettepe University Hospitals approved the study protocol, and waived the need for informed consent because of the retrospective nature of the data analyses.
Statistical analysis
All values were given as "mean ± standard deviation", "percentages", and "median" as appropriate. Mann 
T a b l e 1 a . Cl i n i c a l F e a t u r e s i n P a t i e n t s wi t h P RE
Results
Demographic information, comorbid conditions, resuscitation and imaging variables for each patient are summarized
CPA occurred out of hospital in 7 (44%) of the patients with poor prognosis, and in hospital in the remaining patients and in all patients with better prognosis. There was no bystander CPR in our series. Pulmonary arrest developed first in 4 patients in each group. CPR initiation interval was longer than 5 minutes in 8 (50%) and 1 (17%) patients with
F i g u r e 2 . MRI i n j u r y p a t t e r n s i n P RE p a t i e n t s wh o s h o we d a p o o r p r o g n o s i s . poor and better prognosis, respectively. CPR duration was longer than 20 minutes in 7 (44%) patients with poor prognosis and in 4 (67%) ones with better prognosis. None of these parameters were significantly different between two groups (Table 2). Median scores of visual and motor items of GCS and its sum were higher in patients with PRE who survived with a better prognosis. In terms of the FOUR score, brainstem and respiratory items were not different, while visual and motor items as well as the sum of this score were higher in patients with a better prognosis (Table 2). Upward sustained eye deviation and MSE were noted in 25% and 19% of PRE patients with a poor prognosis, respectively, but in none of the others. Brain CT was performed in one patient of those classified as having better prognosis on the first day and remained normal. In 7 patients with a poor prognosis, brain CT, obtained for 3 patients on day 1, for 3 on day 2 and for 1 on day 3, showed widespread cerebral edema in 2 patients and no abnormality in the remaining patients. In the patients with a poor prognosis, the median interval from CPR to MR examination was 3,5 days, which is earlier than that in the patients with better prognosis. This trend was not different when considering the time of the follow-
F i g u r e 3 . MRI l e s i o n s i n P RE p a t i e n t s wi t h a g o o d p r o g n o s i s . Cl o s e d a r r o w s h o ws l e f t mi d d l e c e r e b r a l a r t e r y i n f e r i o r d i v i s i o n i n f a r c t , o p e n a r r o w s h o ws l e f t o c c i p i t a l h e mo r r h a g e , s ma l l a r r o ws s h o w s ma l l e mb o l i c l e s i o n s . E y e o f t h e t i g e r a p p e a r a n c e i s s e e n a t t h e t h i r d r o w l a s t p i c t u r e ( AO) .
up imaging rather than the first one (Table 2 ). An MRI lesion pattern of multilobar, or diffuse, cortical involvement, termed as "extensive cortical lesion pattern" (Fig. 1) 
F i g u r e 4 . MRI l e s i o n e v o l u t i o n i n P RE p a t i e n t s wi t h f o l l o w-u p MRI .
gorical difference except for an increase in the clarity of the lesions (Fig. 4) If confirmed in a larger number of patients, a T a b l e 1 b . As s o c i a t e d Di s e a s e s , Ou t c o me a n d L a b o r a t o r y F e a t u r e s i n P a  t T a b l e 2 . Co mp a r i s o n o f Cl i n i c a l a n d L a b o r a t o r (4, 5) . No white matter abnormalities, denoting ischemic myelinopathy with cytotoxic edema histologically, is seen on scans performed earlier than 72 hours (5, 11, 24) . During the chronic phase, diffuse atrophy and related dilatation of the ventricles are visible (23) .
i e n t s wi t h P RE
It is important to know that no fixed pattern of MR imaging abnormality in patients with PRE was present. In addition to the aforementioned typical widespread cortical involvement, other various patterns of MR imaging abnormalities after CPA have been described (9, 10, 12, 24) . First of all, the MRI lesion pattern is clearly different in patients with pulmonary arrest without subsequent systemic perfusion failure (hypoxic hypoxia) (9) 
